The modernization of the irrigation systems has been the main strategy followed by the regional administration of the Valencia Region to cope with the structural water deficit of the region, which has been particularly severe during the last three decades. These policies have been oriented to the substitution of gravity irrigation systems for drip technology. The technological change has involved an important investment effort, developed by different public administrations and also the farmers and water users' associations (WUAs). This transformation, has also involved a change in the structure of costs of the WUAs. This paper analyzes the changes in costs and tariffs of irrigation after the important investments made in the modernization of irrigation. The effects of subsidies on the percentage of the cost recovery in the services of water for irrigation are also considered. All of them have developed modernization projects in the recent years. It can be concluded that conflict between two objectives proposed by the Water Framework Directive may exist. On the one hand, significant reductions of water supply are observed; meanwhile, on the other hand, the cost recovery percentage diminishes significantly.
INTRODUCTION
The Water Framework Directive (WFD) marks the change from a conception of water as an input to a view of water as an eco-social asset to be protected. One of the instruments required to achieve these goals is the economic analysis, which should consider, among other measures, the concept of cost recovery for water services. The public investment devoted to irrigation modernization and subsequently, to improve irrigation efficiency has a clear influence on the percentage of cost recovery in agriculture.
The cost recovery principle
In the past, the State recovered part of the investments made in water services through tariffication. However, according • Public tariffs: water charges and the water tariff paid by the Irrigation Associations to River Basin Organizations.
These water rates are paid for the use of regulation and transport infrastructure constructed by the State. These charges are paid by the Irrigation Associations that benefit from the infrastructure, which are the ones using surface water resources.
• Private tariffs: the water users' associations (WUAs) transfer to farmers the totality of irrigation costs, without obtaining benefits. These rates include the public water charges and tariffs, the operational expenditure, and cover the expenditures on staff and electricity, and other supply, maintenance and investment expenditure.
These entities only receive subsidies to develop investments, generally for the modernization of infrastructures.
It is important to distinguish between the percentage of recovery when we refer to big investment works conducted by the State, of which a small amount is passed to water users, and the cost-recovering of bringing water to plots, which is generally much more significant. In the Valencia Region (García-Mollá & Vega ) a calculation based on diverse assumptions reveals that a total cost recovery of the building works developed by the State would imply an increase of approximately 300% on irrigation water charges and tariffs paid by irrigators.
However, this would not imply major changes in the water tariffs paid by irrigators, as water charges and tariffs are a very small percentage of irrigation costs, being in most cases <5%.
The WFD establishes that the member states shall ensure by 2010 that water-pricing policies provide adequate incentives for users to use water resources efficiently and the EU () considers that 'a price directly linked to the water quantities used or pollution produced can ensure that pricing has a clear incentive function for consumers to improve water use efficiency and reduce pollution'. Several authors argue that it is foreseeable that an increase in water prices has an important effect over irrigation water demand (García-Mollá ; Garrido ; Molle ).
However, other authors suggest that sometimes the search for high cost recovery percentages conflicts with improving efficiency (Dono et al. ) . Furthermore, there are already some exceptions recognized to the recovery when considering social and environmental effects (Maestu & Berbel ) .
The percentage of cost recovery is defined, thus, as the part of total irrigation costs assumed by farmers, including the costs of modernization investments. The WFD establishes that users will have to pay for the total cost of water use: the cost of water services, environmental and resource costs. In the present work we just evaluate the effects of modernization over the cost of water services. Nonetheless, it seems clear that modernization has influence over environmental issues (Albiac et al. , Lopez-Gunn et al. ) .
Irrigation modernization investment
During the last few decades in some areas of the Valencia Region, irrigation has endured structural water deficits and severe droughts as a result of the expansion of agricultural, urban and tourist-related uses of water (García-Mollá et al. According to data from CGRVU, there was a total of 2,932 ha of irrigable land in 1998, a figure that dropped to 2,395 ha in 2010, a decrease of 18%. Table 1 The most significant change was the considerable reduction in the number of associations that manage irrigation water in the municipality.
The Sindicato Central de Aguas del Río Mijares
Historically, the Mijares River provided water for irrigation in the low valley, known as La Plana, supplying 12,000 ha. Between 40 and 60% out of total water supply comes from groundwater. Data from the interviewed entities are shown in Table 1 .
Installation of drip irrigation infrastructures was
financed by the regional government, the state corporations (SEIASA) and the irrigation communities using subsidies (Table 2) . Irrigation services cost recovery calculation
According to the information obtained from the interviews and taking into account that none of the irrigation water suppliers are commercial and, therefore, do not make profits, the communities pass on all their expenses to the farmer, including management and operating costs, investment expenses (including the non-subsidized part of the investment made, where applicable, by other public institutions).
In addition, we have obtained data on investments made and public subventions awarded to modernize irrigation in each of the irrigation communities. This has permitted an evaluation of the total investment cost as well as the proportion of total investment that has been subsidized and consequently, the cost of irrigation, completing in some cases the data provided by the irrigation communities. We have not evaluated the investments a farmer makes at plot level which also receive public aid.
These data have made it possible to ascertain the irrigation costs farmers faced before and after the modernization process. We calculated the amortization of the investment using the data provided by the irrigation communities and the Valencia Regional Government as a basis, assuming constant amortization for 25 years and a zero real interest rate. On the one hand, in the case of surface irrigation we assume no investments or subsidies exist, hence the price paid by water users reflects the total service cost. On the otherhand, in the case of drip irrigation, the operative costs include operating and maintenance costs of the irrigation entity. These costs are fully passed on to water users.
The drip irrigation price includes operative costs and, in addition, the part of the investment paid by users. The total service cost includes the operative cost plus the investment cost (whether subsidized or not). The cost recovery percentage is obtained by dividing the price of irrigation (assumed by the farmer) by the total service cost.
RESULTS AND DISCUSSION
To compare the costs of each community, we have hom- • Prior to modernization, costs and prices depended on the origin of water resources. Costs were lower in WUAs provided with Mijares water. Currently, this effect has diminished, and costs and prices are very similar, both per hectare or volume. So long as the WUAs that use groundwater can reduce their total consumption, they are able to replace part of these resources with water from the Mijares River, because of the lower cost of surface water (Table 3 ).
• Cost per volume increases considerably in all the WUAs, even if we only consider the operating costs. The WUAs using Mijares waters undergo a higher increase of costs (Table 4 ).
• Prices paid per hectare by farmers without considering the costs of the facilities within the plots themselves, • After irrigation modernization the average cost recovery percentages are similar in all the entities, even though there are differences between those entities.
• During the past years, a decrease in farmers' revenue as a result of a decrease in agricultural prices has resulted, even though crop productivity may have increased, with the installation of new technologies, in the decrease of farmers' profit.
CONCLUSIONS
The modernization of irrigation systems by transforming the method used to irrigate land (from surface to drip irrigation) is currently the main policy for managing the demand for irrigation water in Spain and in the area under study. Generally speaking, almost all the WUAs that have modernized their irrigation systems have received a subvention, which in the case of the area under study represented 48-60% of the total investment. This aid is a significant incentive for farmers, as some would not be able to afford the total cost of the investment in the current economic environment without aid. This implies that the cost recovery percentage is reduced from a value of approximately 100% down to a value around 80%. In this context, modernization processes have led to decreases in water supplies and total consumption in the areas studied. This reduction has led to an important decline in groundwater supply in those entities using mixed waters.
We have found that, although the costs per cubic metre increase considerably, the cost per hectare increases or decreases in relation to the initial costs. Costs decrease in the entities provided with groundwater (with higher prices before the modernization) but increase in the communities with lower prices supplied with surface water. Thus, although the public investment in irrigation modernization through subsidies to users could be justified, the users' investment could be not recommended, because it would result in significant increases in irrigation costs.
The WFD establishes that water use efficiency needs to be improved and subsequently proposes the application of the cost recovery principle. In some cases it may be difficult to reach both objectives. In the studied cases, the significant increase in efficiency would not have been possible without public subsidies and subsequently without a significant decrease in the percentage of cost recovered. This is especially important in the traditional water entities using surface water resources, because even though their water supply has decreased significantly they have experienced an increase in per hectare irrigation cost despite the subsidies received. 
